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@ Adhesive silane-modified ethylene copolymer and Its production. 

Q\ A silane-modified ethylene copolymer is prepared by graft 
copoJymerizing from 0.1 to 10 parts by weight of a trialkoxyvinyl 
silane (e.g. methoxy or ethoxy) to 100 parts by weight of a 
copolymer of ethylene, 0.3-12 mol o/o of a (meth)acrylic acid 
ester and 0.2-5 mol °/o of maleic anhydride by melt mixing the 
reactants at a temperature at least 20° C above the melting 
point of the polymer, in the presence of a peroxide catalyst (e.g. 
dicumyl peroxide). The copolymer is used as an adhesive in the 
form of an extruded film 1-100um thick or a solution,e.g. in 
trichloroethylene. The silane-modifietf ethylene copolymer is 
excellent in adhesion to metals, glass, polar high-molecular 
weight materials or polyolefins and in maintenance of water-re- 
sistant adhesion to glass. 
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Description 

ADHESIVE SILANE-MODIFIED ETHYLENE COPOLYMER AND ITS PRODUCTION 

The present invention relates to a silane-modified ethylene copolymer, a process for producing the same, 
and an adhesive comprising the same. More particularly, the present invention relates to a silane-modified 
ethylene copolymer prepared by graft copolymerizing a trialkoxyvinyl silane to an ethylene/(meth)acrylic acid 
ester/maleic anhydride copolymer in the presence of a peroxide catalyst, as well as a process for producing 
the silane-modified ethylene copolymer and an adhesive comprising the same. 

Techniques have been known for graft modifiying polyoleflns represented by polyethylene or polypropylene 
with unsaturated carboxylic acids (e.g., acrylic acid) or anhydrides thereof (e.g., maleic anhydride) to introduce 
thereinto polar groups, to thereby impart adhesion between different kinds of substrates such as metals, 
glass, polar high-molecular weight materials, and polyolefins, as described, for example, in Japanese Patent 
Publication Nos. 18392/62 and 32654/77. 

It has also been known to impart adhesion by copolymerizing a-olefins such as ethylene with polar 
monomers such as glycidyl (meth)acrylate, as described, for example, in Japanese Patent Publication 
No. 27527/71 and Japanese Patent Application (OPI) No. 11388/73 (the term "OPI" as used herein means 
"unexamined published application"). 

Though these graft modified polyolefins or copolymers exhibit fairly good initial adhesion to metals or glass, 
they have a drawback that their adhesion is appreciably deteriorated in a short period of time in an atmosphere 
where water is present For example, with respect to the adhesion to glass, in packaging water-containing 
liquid foods such as sake , soy sauce, vinegar, mayonnaise and jam, good maintenance of water-resistant 
adhesion between glass containers and their metallic lids is demanded, but the above-described graft 
modified polyolefins or copolymers cannot meet such a demand. 

Furthermore, adheslves which are used in the field of food packaging are often required to have adhesion to 
metals, polar high-molecular weight materials or polyolefins in addition to the above-described maintenance of 
water-resistant adhesion. 

On the other hand, in order to improve a marked reduction in adhesion to glass in an atmosphere where 
water is present, it has been known to graft modify an ethylene-vinyl acetate copolymer with an unsaturated 
organosilane (see the Processings of the 23rd Annual Meeting of the Adhesion Society of Japan, pp. 1 18, June 
12, 1985). However, such an ethylene-vinyl acetate copolymer graft modified with an unsaturated organosilane 
does not have satisfactory adhesion to metals or plastics, so that it cannot be used for the manufacture of 
laminates such as glass/metal laminates and glass/plastic laminates. 

An object of the present invention is to provide a silane-modified ethylene copolymer which is excellent in 
not only adhesion to metals, glass, polar high-molecular weight materials or polyolefins but also maintenance 
of water-resistant adhesion to glass. 

Another object of the present invention is to provide a process for producing the silane-modified ethylene 
copolymer. 

A further object of the .present invention is to provide an adhesive comprising the above-described 
silane-modified ethylene copolymer. 

That is, in one aspect, the present invention relates to a silane-modified ethylene copolymer, prepared by 
graft copolymerizing from 0.1 to 10 parts by weight of a trialkoxyvinyl silane to 100 parts by weight of an 
ethyiene/(meth)acrylic acid ester/maleic anhydride co polymer in the presence of a peroxide catalyst. 

In another aspect, the present invention relates to a process for producing the silane-modified ethylene 
copolymer. 

In still another aspect, the present invention relates to an adhesive comprising the above-described 
silane-modified ethylene copolymer. 

The ethylene/(meth)acrylic acid ester/maleic anhydride copolymer which can be used in the present 
invention preferably contains from 0.3 to 12 mol% of a (meth)acrylic acid ester unit and from 0.2 to 5 mo!% of a 
maleic anhydride unit. This copolymer can be prepared by any known radical polymerization methods. 

As the copolymer, those having a number average molecular weight of from 9,000 to 27,000 are 
advantageously used. The number average molecular weight can be obtained by gel permeation 
chromatography (GPC) by the method described in Kobunshi Sokuteiho (Measurement of Polymers), "Kozo 
to Bussei" (Structure and Physical Properties), Part I, pp. 76-89 (1973), edited by The Society of Poiymer 
Science, Japan and published by Baifukan Co., Ltd. For example, a measurement is first made with 
ortho-dichiorobenzene which is used as a solvent at a column oven temperature of 145° and the measured 
value is converted to the number average molecular weight on the basis of a calibration curve for average 
molecular weight chain length and GPC counts prepared with monodisperse polystyrene. The copolymer 
preferably has a melt flow index (Ml) of from 1 to 200 g/10 minutes. 

Suitable examples of the trialkoxyvinyl silane which can be used in the present invention include 
trimethoxyviny! silane and triethoxyvinyl silane, and they can be used either alone or in admixture. 

The amount of the trialkoxyvinyl silane which is grafted to the ethylene/(meth)acrylic acid ester/maleic 
anhydride copolymer is within the range of from 0.1 to 10 parts by weight and preferably from 0.5 to 5 parts by 
weight based on 100 parts by weight of the copolymer. If less than 0.1 part by weight of the trialkoxyvinyl silane 
is grafted to the copolymer, the resulting graft copolymer cannot retain its initial adhesion strength for a 



prolonged period of time in an atmosphere Where water is present. On the other hand, if more than 10 parts by 
weight of the trialkoxyvinyl silane is used, side reactions occur extensively in addition to the intended graft 
copolymerization, and molded articles from the resulting graft copolymer likely contain a large quantity of gels 
whereby it becomes practically difficult to use them in the film-like state. 

Examples of the peroxide which can be used as the catalyst in the present invention include dicumyl 5 
peroxide di-t-butyl peroxide. 2 t 5-di(peroxybenzoate)hexyne-3,1,3-bis(t-butylperoxyisopfopyl)benzene, per- 
oxylauroyl and 2,5-dimethyl-2,5-di(t^butylperoxy)hfexane. The choice of the peroxide catalyst should be made 
on the basis of the characteristics of the ethylene/(meth)acrylic acid ester/maleic anhydnde copolymer and 
the modification employed. 

The peroxide catalyst is preferably used in an amount of from 0.05 to 0.3 part by weight based on 100 parts 10 
by weight of the ethylene/ ( met h)acrylic acid ester/maleic anhydride copolymer. 

The silane-modified ethylene copolymer according to the present invention can preferably be produced by 
melt kneading the necessary ingrediehts in a Kneading apparatus that is commonly employed in the 
manufacture of oiefinic polymer compositions, sueh as a mixfng roll, a kneader, a Banbury mixer or an 
extruder at a temperature of at least 20°C higher than the melting point of the starting copolymer. A 15 
homogeneous composition can be obtained by previously dry blending the necessary ingredients with a 
mixing apparatus such as a Henschel mixer, a ribbon blender or a tumbler before the melt kneading. 

The silane-modified ethylene copolymer of the present invention can also be produced in accordance with 
any other known modification methods such as a solution modification method as described, for example, in 
Japanese Patent Publication No. 15422/69 or a slurry modification method as described, for example, in 20 
Japanese Patent Publication No. 18144/68. 

The number average molecular weight of the thus produced silane-modified ethylene copolymer varies with 
several factors such as the molecular weight of the starting ethylene/(meth)acrylic acid ester/maleic anhydride 
copolymer or the production condition employed, but it usually ranges from about 12,000 to 36,000. The 
silane-modified ethylene copolymer generally has a melt flow index (Ml) within the range of from 0.1 to 30 g/10 25 

minutes. JL . n ..... 

The silane-modified ethylene copolymer of the present invention is useful as an adhesive because it exhibits 
excellent adhesion to various substances. That is, laminates, coated articles, or. various other composites 
which are excellent in not only adhesion to metals, glass, polyofefins, or polar high-molecular weight materials 
but also maintenance of water-resistant adhesion to glass can be fabricated with the silane-modified ethylene 30 
copolymer of the present invention by employing any known processing techniques. 

The silane-modified ethylene copolymer, if used as an adhesive, can be processed into a film form which is 
then held between adhe rends and heated to a temperature of now lower than the softening point of the resin 
while applying a pressure. In this case, the film processed from the copolymer preferably has a thickness of 
from 1 to 100 um. t t t 35 

Also, the silane-modified ethylene copolymer of the present invention can be used in a solution state after 
dissolution in a solvent. As the solvent, trichloroethylene is preferably used, and the concentration of the 
copolymer in the solution is preferably from i to 20% by weight. 

As the method of use of the adhesive of the present invention, for example, when the manufacture of 
laminates or coated articles is concerned, there can be applied extrusion coating, dry lamination, 40 
thermocompression, powder coating, and combinations of these techniques, and the choice of a suitable 
method should be made in consideration of the use of such laminates or coated articles. 

The following examples are provided for the purpose of further illustrating the present invention. 

In the examples, various properties were measured by the following methods: 



45 



(a) Ml (melt flow index): 
Measured in accordance with JIS K 6760 (190° C under a load of 2.16 kg). 



(b) Adhesion strength: 

50 

(i) Adhesion to glass: 

A film (50 um in thickness) of a silane-modified ethylene copolymer that had been extruded from an extruder 
(20 mm in diameter) through a T die (200 mm in width) at 200° C was superposed on a glass slide for use with a 
microscope (1mmT x 76 mmL x 26 mmW; a product of Matsunami Glass Industry, Ltd.), and an aluminum foil 
having a thickness of 40 |xm (a product of Sumikei Aluminum Foil Co., Ltd.) was further superposed on the 55 
copolymer film. Thereafter, the individual layers were heat-sealed at a pressure of 1 kg/cm 2 G for 5 seconds 
using a heat sealer to prepare a laminate sample. The heat sealing bar in contact with the glass slide was held 
at ambient temperature while the heat sealing bar in contact with the aluminum foil was held at 220° C. 

A slit having a width of 1 cm was provided through the aluminum foil into the underlying silane-modified 
ethylene copolymer film with a knife. The laminate sample was Immersed in distilled water at 80° C for a 60 
predetermined period of time, and the recovered sample was set on a tensile tester. Measurement of adhesion 
strength was conducted by peeling the aluminum foil at an angle of 180° and at a speed of 100 mm/min. 
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(H) Adhesion to aluminum: 

A film (50 \im in thickness) of a silane-modified ethylene copolymer that had been extruded from an extruder 
(20 mm in diameter) through a T die (200 mm in width) at 200° C was held between two aluminum foils each 
having a thickness of 40 jim (a product of Sumikei Aluminum Foil Co., Ltd.). The individual layers were 
5 heat-sealed at a pressure of 3 kg/cm 2 G for 0.3 second to prepare a laminate sample. 

The laminate sample was cut into a long strip state of 1 cm in width using a cutter and then set on a tensile 
tester. Measurement of adhesion strength was conducted by peeling the aluminum foil at an angle of 180° and 
at a speed of 100 mm/min. 

10 (iii) Adhesion of polyamlde: 

A film (50 p.m in thickness) of a silane-modified ethylene copolymer that had been extruded from an extruder 
(20 mm in diameter) through a T die (200 mm in width) at 200° C was held between a 100 jim-thick polyamide 
film (Rayfan® 1401, a product of Toray Gosei Rim Co., Ltd.) and a 40 jim-thick aluminum foil (a product of 
Sumikei Aluminum Foil Co., Ltd.). The individual layers were heat-sealed at a rpessure of 3 kg/cm 2 G for 3 

15 seconds at 190° C using a heat sealer to prepare a laminate sample. In this sample, the polyamide film was 
disposed with its corona-treated surface placed in contact with the film of the silane-modified ethylene 
copolymer. 

The laminate sample was cut into a long strip state of 1 cm in width using a cutter and then set on a tensile 
tester. Measurement of adhesion strength was conducted by peeling the polyamide film at an angle of 180° 
20 and at a speed of 100 mm/min. 

(iv) Adhesion to polypropylene: 
A film (50 \im in thickness) of a silane-modified ethylene copolymer that had been extruded from an extruder 

(20 mm in diameter) through aT die (200 mm in width) at 200° C was held between a 50 pxn-thick polypropylene 
25 film (Sumitomo Nobien® FL8016, a product of Sumitomo Chemical Co., Ltd.) that had been extruded from an 

extruder (20 mm in diameter) through a T die (200 mm in width) at 230° C and a 40 jim-thick aluminum foil (a 

product of Sumikei Aluminum Foil Co., Ltd.). The individual layers were heat-sealed at a pressure of 3 kg/cm 2 G 

for 3 seconds at 140°C using a heat sealer to prepare a laminate sample. 

The laminate sample was cut into a long strip state of T cm in width using a cutter and then set on a tensile 
30 tester. Measurement of adhesion strength was conducted by peeling the polypropylene film at an angle of 

180° at a speed of 100 mm/min. 

EXAMPLE 1 

One hundred parts by weight of an ethylene/ethyl acrylate/mafeic anhydride copolymer (Ml: 83 g/10 min M 
35 ethyl acryiate content: 5.3 moio/o, maleic anhydride content: 0.9 molQ/o) was dry blended with 0.15 part by 
weight of dicumyl peroxide and 2.0 parts by weight of triethoxyvinyl silane for 3 minutes in a Henschel mixer. 

The resulting blend was subjected to graft copolymerization by extruding from a uniaxial extruder (30 mm in 
diameter) at a resin temperature of 168°C. The extrusion output was about 2 kg per hour, and the residence 
time of the copolymer in the extruder was about 2.5 minutes. 
40 The resulting graft copolymer had an Ml of 1 1 g/10 min. The adhesion of this graft copolymer to a variety of 
substrates was evaluated by the methods and under the conditions as described above. The results are shown 
in Table 1. 

EXAMPLES 2 TO 5 AND COMPARATIVE EXAMPLES 1 TO 3 
45 Graft copolymers were prepared in the same manner as in Example 1 with the types and compositions of the 
ethylene copolymer, the trialkoxyvinyl silane, and the peroxide catalyst being changed to those indicated in 
Table 1. The adhesion of each of the graft copolymers to a variety of substrates was evaluated by the same 
methods and under the conditions as described above. The results are also shown in Table. 1. 
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As is understood from the foregoing, the present invention provides a silane-modified ethylene copolymer 
that is superior to the prior art products in terms of adhesion to metals, glass, polar high-molecular weight 65 
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materials or polyolefins. This copolymer has an additional advantage of exhibiting excellent maintenance of 
water-resistant adhesion to glass. The present invention also provides a process for producing this modified 
ethylene copolymer and an adhesive comprising the same. 



Claims 

1. A silane-modified ethylene copolymer, prepared by graft copolymerizing from 0.1 to 10 parts by 
weight of a trialkoxyvinyl silane to 100 parts by weight of an ethylene/(meth)acrylic acid ester/maleic 
anhydride copolymer in the presence of a peroxide catalyst. 

2. A silane-modified ethylene copolymer as in Claim 1, wherein said ethylene/ (meth) acrylic acid 
ester/maleic anhydride copolymer contains from 0.3 to 12 mol Q/b of a (meth)acrylic acid ester unit and 
from 0.2 to 5 mol o/o of a maleic anhydride unit. 

3. A silane-modified ethylene copolymer as in Claim 1 or 2, wherein said trialkoxyvinyl silane is 
trimethoxyvinyl silane and/or triethoxyviny I silane. 

4. A process for producing a silane-modified ethylene copolymer of Claim 1 , 2 or 3, comprising melt 
mixing 100 parts by weight of an ethylene/(meth) acrylic acid ester/maleic anhydride copolymer with from 
0.1 xo 10 parts by weight of a trialkoxyvinyl silane in the presence of a peroxide catalyst at a temperature of 
at least 20° C higher than the melting point of said ethylene/(meth)acrylic acid ester/maleic anhydride 
copolymer. 

5. An adhesive comprising a silane-modified ethylene copolymer as claimed in Claim 1 , 2 or 3. 

6. An adhesive as claimed in Claim 5, in the form of a film or solution of the copolymer. 
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@ Adhesive silane-modhled ethylene copolymer and its production. 

(g) A silane-modified ethylene copolymer is prepared by graft 
copolymerizing from 0.1 to 10 parts by weight of a trialkoxyvinyl 
silane (e.g. methoxy or ethoxy) to 100 parts by weight of a 
copolymer of ethylene, 0.3-12 mol % of a (meth)acryiic acid 
ester and 0.2-5 mol o/o of maieic anhydride by melt mixing the 
reactants at a temperature at least 20° C above the melting 
point of the polymer, in the presence of a peroxide catalyst (e.g. 
dicumyl peroxide). The copolymer Is used as an adhesive in the 
form of an extruded film 1-100um thick or a solution, e.g. in 
trichloroethylene. The silane-modified ethylene copolymer is 
excellent in adhesion to metals, glass, polar high-molecular 
weight materials or polyolefins and in maintenance of water-re- 
sistant adhesion to glass. 



Q. 
UJ 



Bundesdruckerei Berlin 



-BNSDOCID: <EP 0249442A3J_> 



European Patent 
Office 



EUROPEAN SEARCH REPORT 



Application Number 



EP 87 30 5091 



Category 



A 
A 
A 



DOCUMENTS CONSIDERED TO BE RELEVANT 



Citation of document with indication, where appropriate, 
. of relevant passages 



PATENT ABSTRACTS OF JAPAN, vol . 9 no 
309 (C-318)[2032], 5th December 1985; '& 

03-08-1985 7 (HITACHI DENSEN K ' K -) 

* Abstract * 

US-A-3 663 649 (WHEELER et alv) 

* Example 2 * 

BE-A- 898 893 (NESTE 0Y) 

* Claims 1,6 * 

FR-A-2 238 588 (UBE INDUSTRIES LTD) 

* Claim 1 * 



Relevant 
to claim 



The present search report has been drawn up for all claims 



Place of search 



THE HAGUE 



Date of completion of the search 

16-06-1988 



CATEGORY OF CITED DOCUMENTS 

X : particularly relevant if taken alone 

: Particularly relevant if combined with another 
document of the same category 
A : technological background 
O : non-written disclosure 
P : intermediate document 



CLASSIFICATION OF THE 
APPLICATION (Int. CI. 4) 



C 08 F 255/02 
C 09 J 3/14 // 
(C 08 F 255/02 
C 08 F 230:08 ) 



TECHNICAL FIELDS 
SEARCHED (lot CI.4) 



C 08 F 
C 09 J 



MEULEMANS R.A.M.G.G. 



T : theory or principle underlying the invention 

E : f«t c ^bf^ 8 d ^ u e nen, ' but puWisbed ° B ' " 

D : document cited in the application 
L : document cited for other reasons 

& dement* *™* ^SSr^TO^dlng ' 



0249442A3 I > 



